Ascochyta rabiei, a phytopathogenic deuteromycete parasite of chickpea (Cicer arietinum L.), is the causal agent of the serious blight (leaf spot disease) of this important grain legume crop of dryland agriculture (11) . The resistance of chickpea to A. rabiei (the imperfect stage of the fungus; the sexual stage is named Mycosphaerella rabiei) is partly explained by increased levels of constituent phenols (16) and possibly by the accelerated accumulation of the phytoalexins medicarpin and maackiain (unpublished data). Both preinfectional inhibitors and postinfectional inhibitors (phytoalexins) constitute important plant defense mechanisms towards fungal pathogens (6, 10) . Successful pathogens, however, have repeatedly been shown to be potent degraders of plant defense compounds (2) . In the cases of Nectria haematococca (13, 15) and various Fusarium fungi, the ability to degrade the plant products which are toxic to fungi is an important feature of pathogenicity (14) . Similar data on A. rabiei are missing despite its economic effects.
In our studies on fungal catabolism of chickpea isoflavones (20, 21) and pterocarpan phytoalexins (17, 18) , we have launched a program to investigate the metabolism of these plant products by using four chickpea pathogenic strains of A. rabiei. We now report on the catabolism of the isoflavone biochanin A (5,7-dihydroxy-4'-methoxyisoflavone; compound I in Fig. 1 ). This isoflavone, its 7-0-glucoside (compound 2 in Fig. 1) , and the biochanin A-7-Oglucoside-6"-O-malonate (3 in Fig. 1 ) are the main phenolic constituents of chickpea (8) . Biochanin A catabolism has recently been elucidated in Fusarium javanicum (20) , Fusarium solani (22) , and several other Fusarium species (21) . The catabolic route first involves dihydrobiochanin A (5,7-dihydroxy-4'-methoxyisoflavone) and then leads via 3-(p-methoxyphenyl)-4,6-diketo-5,6-dihydro-4H-pyran to phenylacetic acids derived from the side chain phenyl ring and carbon atoms 2 and 3 of the heterocycle. O-Demethylation of 1 has also been shown to occur. Our results show that the four chickpea-pathogenic strains of A. rabiei which were investigated are very efficient in biochanin A degradation. Some early catabolites have been characterized. On CSM a growth yield of 1.0 to 1.1 g (dry weight) per 100 ml of nutrient medium could be achieved, while growth on PM resulted in only 0.3 to 0.4 g (dry weight) per 100 ml. The four strains differed greatly in color.
MATERIALS AND METHODS
Incubation conditions. For standard incubation assays, potassium phosphate buffer (0.05 M, pH 7.5; 100 ml of buffer in 200-ml flasks) was used. The compounds to be investigated were predissolved in 0.3 ml of ethylene glycol monomethyl ether and added to the buffer to yield a final concentration of 10-4 M. Wet cells (5 g) were suspended in the buffer solution, and the flasks were incubated as described for the liquid cultures. Samples (5 ml) were freed from cells by filtration, acidified with 5 N H2SO4 to pH 2, and thoroughly extracted with diethyl ether. After ether evaporation under reduced pressure, residual phenolic compounds were dissolved in methanol and then analyzed further.
Preincubation of mycelial preparations (6 g in 100 ml of buffer) with substrates (10-4 M) was carried out for 6 h on a UV-visible absorption spectra were recorded in methanol and by the addition of diagnostic compounds essentially as described previously (9, 20) .
High-pressure liquid chromatography (HPLC) of isoflavones was carried out by older methods (8, 19 All isoflavones were from the collection of this institute; biochanin A-7-O-glucoside-6"-O-malonate was isolated from chickpea plants as described elsewhere (8) .
RESULTS AND DISCUSSION
The four strains of A. rabiei studied are highly pathogenic to chickpea (unpublished data) and were best grown on CSM or PM (7) at 23°C. Other nutrient media composed of oatmeal, cornmeal, or glucose-peptone-yeast extract, as well as Czapek-Dox and Fusarium media (3), have been found unfavorable to the fungus. Temperatures above 28°C strongly inhibit the growth of A. rabiei. The growth conditions with regard to nutrient media and temperature requirements are similar to those reported by other researchers (7, 11) .
In standard incubation assays with mycelial preparations of strains I, II, III, and IV of A. rabiei, the metabolism of biochanin A (10'-M) was monitored by either TLC or HPLC. The metabolism of compound I started without any obvious lag phase. Within 1 to 3 h, the transient formation of two products (Rf, 0.53 and 0.46) was seen. For structural elucidation, these substances were purified by preparative TLC. The UV spectra in methanol and the UV data obtained by the addition of diagnostic reagents (9) were identical to those previously reported for the isoflavones pratensein, 4, and genistein, 5 (19, 21) . The identity of the extracted substances was corroborated by cochromatography with reference compounds by two different HPLC systems.
Pratensein was consistently found to be the major metabolite in comparison to 5 (Fig. 2) . This result indicates that 3'-hydroxylation of I appears to be the principal reaction. In this hydroxylation step, A. rabiei is similar to two strains of Fusarium oxysporum (19) which also convert I into 4. However, a concomitant 0-demethylation reaction at position 4' carried out by A. rabiei has so far not been observed in fungal metabolism of isoflavones.
The four strains of A. rabiei differed greatly in their ability to transiently accumulate pratensein in standard incubation experiments with 1. In extracts of such assays, the amounts of 1, 4, and 5 were quantified by HPLC analyses over a period of 10 h. Quantitative differences in the accumulation of 4 were observed when the strains of A. rabiei were grown on either CSM or PM (Fig. 2) . After growth on both media, strains I and II accumulated pratensein to only 18 to 40% of the amount of biochanin A metabolized; Fig. 2A shows a representative example obtained with strain I after growth on PM. Strain III after growth on PM exhibited a very high rate of pratensein accumulation (Fig. 2D) ; however, after growth on CSM, the same strain very rapidly catabolized 1 and accumulated 4 to approximately 15% (Fig. 2C) . Strain IV consistently excreted large amounts of 4 into the medium regardless of the medium used (Fig. 2B) . In all experiments, the amount of genistein accounted for only 5 to 10% of the metabolized 1, indicating that 0-demethylation is a minor pathway.
Due to its good growth rates on PM and its comparatively high accumulation of catabolites of 1, strain III was chosen for further investigations of biochanin A catabolism. Several further products derived from 4 or 5 could be detected by HPLC or TLC analyses. However, only small amounts of these metabolites accumulated (1 to 3% based on 1). The amounts of material were insufficient for structural elucidation. In the polar catabolite fraction (TLC; Rf, 0.2), a very small amount of p-hydroxyphenylacetic acid could be detected as shown by cochromatography with reference material by two HPLC systems. In these and in subsequent degradation experiments with p-hydroxyphenylacetic acid (10'-M), the accumulation of 3,4-dihydroxyphenylacetic acid could not be demonstrated. Cells which had been preincubated with biochanin A for 6 h rapidly catabolized p-hydroxyphenylacetic acid without any accumulation of intermediate aromatic compounds (HPLC assays) .
When mycelial preparations of strain III were incubated with 4 (10' M), the substrate disappeared within 6 h without the accumulation (as shown by HPLC) of aromatic metabolites. Previous studies with pratensein and Fusarium fungi have also failed to isolate catabolites of this isoflavone (19) . After the application of the isoflavone genistein (10-4 M; 5) to strain III, intermediates of the rapid degradation reaction never accumulated to more than approximately 5% of the metabolized substrate (as shown by HPLC). By comparison with previously elucidated catabolites of 5 (1, 21), we have succeeded in detecting very small amounts of orobol, 6, and dihydrogenistein as products of the degradation of 5. The formation of orobol from 5 follows hydroxylation in position 3', a mechanism which has also been shown to occur in several Fusarium fungi (1) . Dihydrogenistein may be assumed to be the primary catabolite of 5, essentially as found previously with other fungi (21) . represents biochanin A-7-0-glucoside-6"-malonate (8) . This compound, when used as a substrate in incubation assays with A. rabiei III, was converted at a slow rate. Approximately 30% of the ester remained unreacted after 10 h of incubation. Trace amounts (ca. 2%) of 1 were the only other compound detected by HPLC in the extracts. In comparison to degradation of the aglycone and hydrolysis of the glucoside, removal of the malonate group obviously poses a more difficult task for the fungus. Once liberated from the ester moiety, the glucoside and the aglycone were rapidly degraded to nonaromatic products. Future studies should determine whether the newly discovered malonate ester of biochanin A-7-0-glucoside exercises a significant inhibitory action on the growth of A. rabiei.
In general, the data on biochanin A metabolism by A. rabiei may be summarized as shown in Fig. 3 . Hydrolysis of aromatic glucosides represents a well-known fungal reaction (5) , and the removal of malonic acid from 3 by action of an esterase has been shown to occur with F. javanicum (12a) . With regard to the aglycone, 1, several degradative routes appear to be operating in A. rabiei depending on the initial reaction. However, the possibility cannot be excluded that these routes may finally be funnelled into one main catabolic pathway as, for instance, the hypothesized 0-demethylation of pratensein to orobol. In contrast to other isoflavones (20) (21) (22) (4, 12) have shown that Ascochyta pisi, a pea plant pathogen, readily 0-demethylates the pea phytoalexin pisatin. Disagreement, however, exists about whether A. pisi will further catabolize the pterocarpan skeleton of the 0-demethylated product. Though pathogenicity of fungi must not necessarily be correlated with the ability to detoxify plant defense compounds (15) , these studies indicate that the investigated fungi are metabolically very versatile in that they readily degrade those polyphenols which accumulate in the plants in very high concentrations.
